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patients with STEC infection would be missed if only 
bloody stools were tested for STEC. In a recent paper 
deahng with 0157 (not the other serotypes), Slutsker 
et al underlined that only 60% of all 0157 strains would 
have been detected if all visibly bloody samples were 
tested, but as much as 90% if all samples of patients 
with a history of bloody diarrhea had been tested. 
Laboratories that still want to limit the screening to 
patients with bloody harrhea should ask for histories 
of bloody diarrhea when ordering stool cultures [ 131. 
For routine laboratories, the use of the SMAC 
culture method, as recommended by the Centers for 
Disease Control and Prevention, Atlanta, USA, seems 
to be satisfactory for detecting E. coli 0157:H7. 
However, this method does not detect either sorbitol- 
fermenting 0157 STEC or non-0157 STEC. Screen- 
ing for such strains should be based on the detection of 
Stx production using immunologic methods such as the 
EIA kit used in our study. The study clearly demon- 
strated the usefulness of such procedures in screening 
for STEC infection; three of the five STEC isolates 
would have been missed if our diagnostic procedure 
relied only on SMAC culture. On the other hand, the 
finding of two obviously false-positive results in the 
EIA test stresses the need for confirmation of all 
positive results by isolation of a STEC strain. 
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One of the major difficulties in identifylng A? cinerea is 
the limited number of phenotypic characteristics that it 
expresses. This is perhaps why the species has under- 
gone so many changes in taxonomy, appearing and dis- 
appearing from classification at different points in time. 
In 1906, von Lingelsheim described Micrococcus cinereur 
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for the first time [l] as being different from other 
species of Gram-negative diplococci isolated from 
healthy people. His differentiation was based princi- 
pally on the colony and cellular morphologies of the 
different species. For a long time thereafter, however, 
N. cinerea was often confiued with the species currently 
classified as Branhameflu catarrhalis [2]. It was not until 
1962 that Berger [3] and Berger and Paepcke [4] 
accurately characterized N. cinerea and correctly classi- 
fied the species. The phenotypic and genotypic charac- 
teristics upon which they based their classification were 
subsequently refined in 1984 by Knapp et al [5], Riou 
and Guibourdenche [6], Guibourdenche et al [7], and 
Rossau et al [8]. 
The only known pathognomonic characteristic of 
N. cinerea is its triple auxotrophy for cystine-cysteine, 
proline and arginine when cultured on defined Catlin's 
medium (Neisseria-defined agar medium or NEDA 
medium) [9], and this can be performed only in a 
specialized laboratory: none of the commercially avail- 
able identification systems is able to satisfactorily 
identify N. cinerea. 
We report here a study of 183 clinical isolates of 
N. cinerea that were collected by the National 
Meningococcal Reference Center (NMRC) at the 
Institut Pasteur in France. These strains were often 
incorrectly classified by the dispatching laboratories as 
either Branhamella or other species of Neisseria, showing 
that the identification of N. cinerea is difficult, and that 
human infection by this bacterium is rare. 
One hundred and eighty-three strains of N cinerea, 
isolated from various human biological specimens and 
sent to the NMRC between 1973 and 1997, were 
examined in this study (Table 1). This represents 
approximately 1% of all isolates classified as Neisseria sp. 
or Branhamella sp. that were received by the NMRC 
during this period of time. Clinical information 
relating to patients described in this work was supplied 
by the dispatching laboratories and, in most cases, was 
verified prior to inclusion in this study. 
The details of the tests used to identify the strains 
described in this work have been previously described 
[lo]. Briefly, we examined colony morphology and 
pigmentation, Gram-staining, growth temperature, and 
the capacity of each strain to produce polysaccharide 
when growing on sucrose. We assayed for catalase, 
cytochrome oxidase, y-glutamyl transferase and nitrate 
and nitrite reductase activities. We tested each strain for 
sensitivity to the antibiotics vancomycin, colimycin and 
fungizone by growth on VCF medium, determined the 
minimum inhibitory concentration (MIC) of penicillin 
G [ 121, and performed reference antibiograms for other 
antibiotics. In addition, we evaluated amino acid, 
purine and pyrimidine auxotrophy by growth on 
cystine, trypticase Catlin's medium [9], and the capacity 
to ferment glucose, maltose, fructose, sucrose, manni- 
tol, or lactose, and to hydrolyze glycerol tributyrate. 
Finally, we determined the plasmid content of each 
strain by the alkahne lysis method [ll]. 
The culture characteristics leading to the identi- 
fication of N. cinerea and the Merentiation from other 
asaccharolytic Neisseria spp. were as follows. Among the 
samples of asaccharolytic Neisseria spp. examined, both 
Gram-negative diplococcal (eg. N. cinerea, N. Javescens, 
N. canis) [13] and rod (e.g. N. elongata) forms were 
observed. All strains grew at 37OC on gonococcus- 
meningococcus medium [lo] a growth medium 
typically used for culturing Neisseria spp. and 
Branhamella spp. A few strains of N. cinerea (2.7%) also 
grew at 22OC. N. cinerea, as well as some of the other 
asaccharolytic Neisseria spp., produced a yellow pigment 
when grown at 37"C, but to a lesser extent than N. 
flavescens [14]. All of the N. cinerea strains had catalase 
and cytochrome oxidase activity, an observation con- 
Table 1 Summary of the Neirreria cinerea strains tested in 
this study by site of isolation and preliminary laboratory 
identification 
Identification by 
dispatching 
Strains isolated laboratory 
No. % 
Isolation site No. % correct correct 
Respiratory tract 
Rhinopharynx 
Expectoration 
PSB 
BAL 
Smear 
TTP 
Urogenital tract 
Vagina 
Cervix 
Glans 
Sperm 
Urine 
Urethra 
Other isolation sites 
Eye 
Ear 
Systemic forms 
Blood 
CSF 
Miscellaneous 
Total 
73 39.9 12 16.4 
30 16.4 
28 15.3 
8 4.4 
2 1.1 
4 2.2 
1 0.5 
59 32.2 
33 18 
6 3.3 
2 1.1 
3 1.6 
10 5.5 
5 2.7 
28 15.3 
26 14.2 
2 1.1 
9 4.9 3 33.3 
4 2.2 
5 2.7 
14 7.7 1 7.1 
183 28 15.3 
8 13.6 
4 14.3 
PSB, protected specimen brushing; BAL, bronchoalveolar lavage 
fluid; TTP, transtracheal puncture; CSE cerebrospinal fluid. 
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sistent with their being classified as Neisseria but also 
characteristic of Branhamella spp. All asaccharolytic 
Neisseria spp. reduced only nitrites, unlike N. canis, 
which reduces only nitrates. In addition, none of the 
strains tested hydrolyzed glycerol tributyrate, had y- 
glutamyl transferase activity, or showed any DNase 
activity. 
When we evaluated growth of the strains on VCF 
medium, a selective medium that is non-permissive for 
the growth of Neisseria spp. other than N. gonorvhoeae, 
N. menirgitidis, N. lactamica and N. polysacchavea, only 
two of the strains were able to grow, one being the 
N. cinevea type strain (NRL 32165). Knapp et al [5] 
previously observed that strain NRL 32165 was capable 
of growing on VCF medium. In this study, we 
confirmed that NRL 32165 can grow on VCF 
medium, but we identified only one other strain with 
this phenotype, suggesting that its occurrence is rare. 
Branhamella spp. (which have the same Gram- 
negative diplococcal morphology as Neisseria spp.) B. 
catarrhalis, B. caviae, B. ovis and B. cimiculi all grew at 
22OC and 37OC but did not grow on selective VCF 
medium (except for a few strains of B. catarvhalis (10%)). 
To grow on NEDA medium, B. catavvhalis required the 
addition of arginine only, and B. cunicirli required 
cystine and proline. B. ovis and B. caviae did not require 
the addition of exogenous amino acids in order to grow 
on this medium. B. catarvhalis and B. caviae both 
reduced nitrites and nitrates, B. ovis reduced only 
nitrates, and B. cuniculi was unable to reduce either 
substrate. All of the tested strains hydrolyzed glycerol 
tributyrate, and B. catarvhalis and B. caviae strains 
showed DNase activity (data not presented). 
Early descriptions of N. cinerea reported a low 
sensitivity to penicillin. The MIC of penicillin G for 
the isolates was determined for 124 of the 183 strains 
and gave the following results (in mg/L): one strain 
(0.8%) was sensitive to penicillin G (MICc0.125); 70 
strains (56.5%) had reduced sensitivity (0.125<MIC 
>l) ,  of which six (4.9%) had an MIC of 0.125, 30 
(24.1%) had an MIC of 0.25, and 34 (27.4%) had an 
MIC of 0.5; 53 strains (42.7%) showed clinical resist- 
ance (MIC21), ofwhich 50 (40.3%) had an MIC of 1, 
one (0.8%) had an MIC of 1.5, one (0.8%) had an MIC 
of 2, and one (0.8%) had an MIC of 8. Reference 
antibiograms also showed that many of the strains were 
resistant to erythromycin (68%), spiramycin (78%) and 
sulfonamides (41%). 
As a final comparison, we isolated plasmid DNA 
from all 183 strains. Only 15 strains were found to have 
plasmids: 10 strains harbored a 2-MDa plasmid and five 
strains harbored a 29.5-MDa plasmid. These plasmids 
were different from the cryptic 2.6-MDa plasmid of 
N. gonorrhoeae (data not presented). 
Early descriptions of N. cinerea reported yellow 
colony pigmentation, poor growth at 22OC, the ability 
to reduce nitrites but not nitrates, and a low sensitivity 
to penicillin. In addition, Knapp et al [5] observed that 
the N. cinerea type species NRL 32165 was capable of 
growing on selective VCF medium. Our examination 
of 183 strains of N. cinerea, classified by their triple 
auxotrophy (cystine, proline, arginine) on NEDA 
medium, shows that many of the tests used to identi6 
N. cinerea are insufficient. The existence of strains of N. 
gonorrhoeae that do not acidify glucose (which would 
constitute a real differential diagnosis from N. cinerea), 
while meriting further investigation (perhaps by DNA 
hybridization studies), only increases the difficulty 
in correctly identifying N. cinerea. This notion is 
supported by the low incidence (15.3%) of strains 
correctly identified by the dispatching laboratories 
(Table 1). 
The pathogenicity of N. cinerea is limited, as the 
bacterium is normally a commensal of the human 
rhinopharynx. Instances in which N. cinerea may 
become an opportunistic pathogen are associated 
mainly with host immunodeficiency, as in the case of a 
25-year-old Haitian AIDS patient who developed N. 
cinerea-associated nosocomial pneumonia [15]. In our 
study, all the strains that were isolated from the respira- 
tory and urogenital tracts were from immuno- 
compromised patients. Of the strains isolated from 
cerebrospinal fluid, two corresponded to meningitis 
associated with various syndromes that could lead to an 
immunodeficient state: myeloma in a 74-year-old 
woman with a history of lung disease, and an 80-year- 
old man undergoing chemotherapy for the terminal 
stages of non-Hodgkin's malignant lymphoma. Both of 
these patients had blood cultures positive for N. cinerea 
[16]. Of the N. cinevea strains isolated from the eyes of 
newborn infants, many were associated with con- 
junctivitis and purulent ophthalmia [17,18]. 
There is a renewed interest in N. cinerea, not only 
because of the difficulties in identification, but because 
of its potential to be an opportunistic pathogen in cases 
of immunodeficiency. In addition, the bacterium's 
relative insensitivity to penicillin and the potential for 
interspecies recombination leading to the appearance of 
drug-resistant meningococci [ 191 remain problematic. 
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